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dimer interface of the domain suggested a possible site PBD, presumably through an intramolecular interaction
for ligand engagement. between the PBD and the catalytic domain (Jang et al.,
In a recent report by Elia et al. (2003a), the question 2002; Mundt et al., 1997). In support of this model, the
of the Plk1 polo domain target was resolved. Using an authors show that inhibition of Plk1 kinase activity by
elegant peptide library screen, a fragment of Plk1 en- the PBD can be alleviated by the addition of a high-
compassing its two polo-box motifs and a preceding affinity binding phosphopeptide that matches the polo
sequence of 80–90 amino acids was identified as a phos- domain consensus. This data nicely illustrates the dual
phopeptide binding module. This finding places the polo function of the polo domain, which serves to recruit
domain in the small company of characterized phos- kinase substrates and regulates kinase catalytic activity
phorecognition modules, which includes 14-3-3, FHA, in a coordinated manner. Overall, the work by Elia et al.
SH2, PTB, WW, and WD40 repeat domains (Pawson and (2003b) provides valuable insight into the mechanism
Nash, 2003). Employing a conventional peptide library of kinase regulation for this important family of mitotic
screen with in vitro purified PBD of human Plk1, Elia et kinases and provides a framework for the design of small
al. (2003a) determined the optimal peptide motif to be molecule inhibitors that target cell cycle progression.
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overall conservation of peptide binding residues in polo-
box 1 and polo-box 2 across all Plks with tandem polo-
box motifs suggests that the phosphopeptide binding
mechanism elucidated for Plk1 will be general to all.
Indeed, the authors prove this experimentally for mam- Does It Take Two to Untangle?
malian Plk1, Plk2, and Plk3, Xenopus Plx1, and Cdc5
by peptide library screening. The drastically dissimilar
structure of the Sak polo domain and the absence of all
conserved Plk1 phosphopeptide-coordinating residues
The structural integrity of mitotic chromosomes is es-renders it unlikely that the Sak polo domain is a phos-
sential for proper chromatid segregation. In this issuephopeptide binding module. This leaves the question of
of Cell, Ono et al. (2003) show that vertebrates containthe Sak polo domain target unresolved.
two distinct condensin complexes, both of which areLastly, previous work has shown that the protein ki-
nase activity of Plk1 is inhibited by the presence of the required for normal mitotic chromosome morphology.
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Chromosomes are prima ballerinas in the intricate ballet both HeLa cells and Xenopus egg extracts (Ono et al.,
2003). When they depleted HeLa cells of both condensinof the cell cycle. During interphase, chromatin is dis-
persed as a cloud-like, amorphous mass without clear complexes using RNA interference directed against ei-
ther SMC component, mitotic chromosomes becamedistinction between chromosomes. As the cell enters
mitosis, chromatin begins a condensation process that fragile and disheveled, loosing their distinct rod-like ap-
pearance. On the surface these results appear contraryis coupled to the resolution of individual chromosomes.
By the end of prophase, chromosomes generally have to those of Hudson et al. who made a conditional knock-
out of one of the SMC proteins, and therefore boththe distinctive X-like structure of resolved sister chroma-
tids held together at the centromere. Chromosome com- condensin complexes, in chicken DT40 cells (Hudson
et al., 2003). When the SMC protein was depleted, thepaction is complete by metaphase. This condensation
process is clearly essential for proper chromosome seg- chromosomes were slow to condense, but by prometa-
phase they did achieve chubby rod-like structures.regation at anaphase, but how it occurs remains a
mystery. While these disparate observations from the various ver-
tebrate systems could indicate separate roles for con-While the script for chromosome condensation is ob-
scure, several of the players have been identified. Topo- densins in different organisms, they could also be ex-
plained by differential depletion levels or simply byisomerase II has a leading role, featuring its ability to
transiently break DNA duplexes to unlink tangled chro- variations in sample preparation protocols (e.g., hypo-
tonic versus non-hypotonic buffers).mosomes. The cohesin and condensin complexes are
also principal actors. These complexes each contain Ono and colleagues (2003) then analyzed the individ-
ual function of each of the two condensin complexestwo unique SMC proteins, long coiled-coil ATPases, as
well as two or three specific auxillary proteins. The role by depleting components specific to only one of them.
Depletion of condensin II gave the mitotic chromosomesplayed by the cohesin complexes seems evident: they
hold sister chromatids together until anaphase. Con- a condensed, but kinked, appearance in both HeLa cells
and Xenopus egg extracts. Conversely, depletion ofversely, it is not yet clear in what scenes condensin
plays its roles, or even the mechanistic nature of those condensin I-specific subunits caused human mitotic
chromosomes to swell but completely inhibited conden-roles. Initial observations from yeast and Xenopus egg
extract depletion experiments led to the notion that con- sation in Xenopus egg extracts. The differences be-
tween the condensin I-depletion results might be ex-densin was the protein machine that performed the lin-
ear compaction of chromosomes (Hirano et al., 1997; plained by the observation that HeLa cells have
approximately equal concentrations of the two com-Strunnikov et al., 1995). However, more recent studies
from several organisms indicate that the depletion of the plexes while the Xenopus egg extracts have much more
condensin I than condensin II. The authors speculatecondensin SMC components results in swollen, tangled,
and disorganized mitotic chromosomes of relatively nor- that different ratios of condensin complexes might regu-
late alterations in mitotic chromosome structure be-mal length (Hagstrom et al., 2002; Hudson et al., 2003;
Kaitna et al., 2002; Steffensen et al., 2001). In fact, both tween organisms and between developmental stages
for a given organism. One potential caveat to the inter-wild-type and condensin-depleted cells arrested in mi-
tosis hypercondense their chromosomes to the same pretation of these results is that the depletion of con-
densin I- or condensin II-specific subunits could in-extent (Hudson et al., 2003). Therefore, the recurring
phenotype for condensin-depleted cells is not longitudi- crease the concentration of free SMC proteins and
therefore potentially the concentration of the non-nally extended mitotic chromosomes, but is instead tan-
gled sisters with compromised lateral structural in- depleted complex. If this occurred, then the altered
chromosome morphologies observed could have re-tegrity.
The cast of characters for chromosome condensation sulted from an overabundance of the non-depleted com-
plex in addition to the loss of the depleted complex.has now expanded with the discovery, described in Ono
et al. in this issue and hinted at previously, that many To gain more information on the distinctive roles of
these two complexes, the authors used immunofluores-organisms contain two condensin complexes, desig-
nated condensin I and condensin II (Ono et al., 2003; cence to localize them on mitotic chromosomes. Both
condensins are enriched on the central axes of the chro-Schleiffer et al., 2003). The two complexes share the
same pair of SMC proteins, but have distinct auxiliary mosomes. When the two complexes are visualized si-
multaneously with specific antibodies, the chromosomeproteins. The authors demonstrate the existence of both
complexes in human cells and Xenopus egg extracts, arms have the appearance of a string of tightly packed,
alternating beads. While the beaded appearance mightand based on genome sequences they predict that both
condensins exist in many plants and animals. None of result from a helical condensin structure, this cannot be
determined from the images shown. The images alsothe condensin II-specific genes are present in S. cerevis-
iae or S. pombe, possibly due to the relatively small hint at condensin II being interior to condensin I. End-on
analysis of the chromosomes, as was done to visualizeamount of chromosome compaction that occurs in these
organisms. Surprisingly, only the condensin II-specific topoisomerase II and condensin I location (Maeshima
and Laemmli, 2003), might better reveal the relative posi-subunits are found in C. elegans, an organism with holo-
centric chromosomes. The pending genome sequence tioning of these two complexes. The distinctive pat-
terning of the complexes suggests that the non-SMCof the silkworm Bombyx mori should help determine
whether this is a specific feature of holocentric chromo- subunits somehow regulate the localization of the con-
densins, similar to what has been seen for meioticsomes.
Impressively, the Hirano lab proceeded to character- cohesins (Kitajima et al., 2003).
The Hirano lab has now shown us that there are twoize the function of the two condensin complexes using
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distinct condensin complexes that are required for the
formation and integrity of mitotic chromosomes. Do the
purified complexes have distinct biochemical proper-
ties? How and when are these attributes utilized for
chromosome condensation? What directs the two com-
plexes to separate positions on the chromosomes? Are
both condensins required for the untangling of sister
chromatids? One new player brings with it many new
questions.
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